Our objective was to study the effect of different roughage sources produced in a tropical environment on intake, digestibility, and ruminal parameters of crossbred bulls. Five rumen-fistulated 30-mo-old Holstein × Bos indicus bulls (average BW = 459 ± 32.5 kg) were utilized in a 5 × 5 randomized Latin square design. The experiment consisted of five 19-d experimental periods (10 d for adaptation and 9 d for data collection) and 5 treatments. Experimental diets consisted of corn (Zea mays L.) silage (CS), Brachiaria grass (Brachiaria decumbens Stapf.) silage (BGS), elephant grass (Pennisetum purpureum Schumach.) silage (EGS), Tifton 85 (Cynodon spp.) hay (T85), and fresh sugarcane (Saccharum officinarum L.; SC). Diets were formulated to have approximately 11% CP (DM basis) using a mixture of urea and ammonium sulfate (9:1 ratio) that was diluted in water and then mixed with roughage. Intake, ruminal outflow, digestibility coefficients, ruminal pool, intake, passage (kp) and digestion rates, microbial parameters, and pH data were assessed. Dry matter intake was greater (P < 0.01) for CS compared with SC. Among treatments, lesser (P < 0.01) potentially digestible NDF, ash-and protein-free NDF (apNDF), and digestible ash-and protein-free NDF intake values were observed for SC. Ruminal outflows of DM and nonfibrous carbohydrates were lesser (P < 0.01) for SC compared with other treatments. Dry matter apparent digestibility and ruminal digestibility did not differ (P > 0.27) among treatments. No differences (P = 0.11) were observed for ruminal apNDF pool and ruminal kp of apNDF (P = 0.06) among treatments. No treatment effect (P > 0.28) was observed for DM and nitrogen of rumen-isolated bacteria, and microbial efficiency was greater (P = 0.02) for BGS among treatments. A treatment × time interaction (P < 0.01) was found for ruminal pH, with a quadratic pattern in terms of time for CS, BGS, EGS, and T85, whereas pH values for CA linearly decreased as a function of time. In summary, these roughages, when supplemented with an additional nitrogen sources, show similar overall apparent digestibility and ruminal pool values, but conversely, bulls fed sugarcane had less overall nutrient intake and lower ruminal outflow and digestion rate values. We conclude that fresh-cut sugarcane, when provided with urea, can affect digestion rate and, consequently, impact nutrient intake.
INTRODUCTION
Roughages produced in tropical areas for beef and dairy cattle have great variability in chemical composition and nutritive value compared with roughages produced in temperate areas. Thus, the use of data sets from temperate regions (e.g., Agricultural and Food Research Council, 1993; NRC, 2000 NRC, , 2001 to estimate intake and digestion rate (kd) of roughages produced in the tropics does not seem adequate. Unfortunately, data regarding intake and digestion of these forages are still limited for English-speaking readers. However, our group is working to make them available; for instance, a meta-analytical study developed to "evaluate the regulation of voluntary intake in cattle fed tropical forage-based diets" was recently published in the Journal of Animal Science.
Among roughages utilized in tropical areas, corn (Zea mays L.), Brachiaria (Brachiaria decumbens), and elephant (Pennisettum purpureum Schumach.) grass silages, fresh sugarcane (Saccharum officinarum L.), and Tifton 85 (Cynodon spp.) hay are commonly provided to beef and dairy cattle in Brazil, especially during the dry season as a supplemental energy source. Sugarcane, for example, has great advantage over other field crops as a forage for cattle, including adaptation to tropical and subtropical environments, less sensitivity than other crops to poor soil fertility, and a high-yield capability (Pate et al., 2002) . The feasibility of ensiling grasses not commonly ensiled in the country, such as those from Cynodon and Brachiaria genera, was previously reported elsewhere (Evangelista et al., 2001; Santos et al., 2011) . However, studies comparing intake, passage rate, and digestibility of these roughages are limited. Our hypothesis was that these roughage sources have different intake and digestibility patterns, especially sugarcane. Therefore, our objective was to study the effect of these roughage sources produced in a tropical environment on intake, digestibility, and ruminal parameters of crossbred bulls.
MATERIALS AND METHODS
The experiment was conducted in the Department of Animal Sciences facilities of the Federal University of Viçosa (Viçosa, MG, Brazil; 20°46′S, 42°51′W) . Bulls utilized in this experiment were cared for by acceptable practices as outlined in the Guide for the Care and Use of Agricultural Animals in Research and Teaching (Federation of Animal Science Societies, 2010) . In addition, the research protocol was reviewed and approved by the Federal University of Viçosa Animal Research Committee.
Animals, Experimental Design, Diets and Handling, and Sample Collection
Starting in January 2012, 5 rumen-fistulated 30-moold Holstein × Bos indicus bulls (average BW = 459 ± 32.5 kg) were randomly distributed in a 5 × 5 Latin square design, balanced for residual effect by adding an extra period of observation that was the same as in the last period of the Latin square, as outlined by Lucas (1957) . The design consisted of five 19-d experimental periods, in which 10 d were for diet adaptation and 9 d were for data collection, with 5 treatments. Before the beginning of the experiment, bulls received an ear identification tag, were treated for endo-and ectoparasites (Ivomec Injetável, 200 μg/kg, Merial Brasil, Campinas, SP, Brazil) , and were kept in the drylot facility for a 14-d acclimation period. During the experimental period, bulls were kept in individual pens. Each pen (8-m 2 total area) was covered with a roof, had rubber flooring, and contained a feed bunk and automatic water trough. Shrunk BW (16 h of feed and water withdrawal) was measured at the beginning and end of the experiment.
Five roughage sources, which are commonly produced in the tropical area of Brazil and provided to both dairy and beef cattle in ordinary production systems, were evaluated: 1) corn (CS), 2) Brachiaria grass (BGS), and 3) elephant-grass (EGS) silages, 4) lowquality (i.e., low CP and high indigestible NDF [iNDF] content) Tifton 85 (T85) hay, and 5) fresh-cut sugarcane (SC; average CP = 6.8%, 8.2%, 7.6%,7.8%, and 3.6% for each period, respectively, DM basis; Table 1 ).
Soil tests were performed to determine the amount of nutrients to be applied to meet the requirements for each roughage, as described by the Committee on Soil Fertility of Minas Gerais State (Comissão de Fertilidade do Solo do Estado de Minas Gerais, 1999). In brief, on the basis of soil test results, liming and gypsum applications were performed before establishing the corn field (3 and 1 t/ha, respectively), and after 45 d, corresponding to 2 wk before planting, a 5-25-15 N-P-K fertilizer (300 kg/ha) was applied by hand spreading. For Brachiaria and elephant grass, a 5-25-15 N-P-K fertilizer (200 kg/ ha) was applied in the area by hand spreading. The area destined for Tifton 85 received an application of 75 kg/ ha of nitrogen and 60 kg/ha of K 2 O, whereas for sugarcane, a 10-30-10 N-P-K fertilizer (400 kg/ha) was applied in the area by hand spreading. During the growing season, meteorological data were collected from an automated weather station located 1.6 km from the crop fields, and the average daily values of precipitation, solar radiation, and temperature were 8.7 mm, 1,325.0 kJ/ m 2 , and 21.5°C, respectively.
Corn was harvested at approximately 110 d of age at 35% DM, directly chopped to approximately 2.0 cm of length using a pull-type forage harvester (model C120, JF Máquinas Agrícolas Ltda., Itapira, SP, Brazil) attached to a 66-kW tractor (model 5090E, John Deere Brasil, Campinas, SP, Brazil), and stored without prior wilting in a stack-horizontal silo, with no inoculants. The material was placed and packed into the silo with the aid of a tractor, and the resulting density was approximately 625 kg/m 3 . Brachiaria grass was harvested when stubble height was 50 cm, and the harvested material was not subjected to wilting before ensiling, whereas elephant grass was harvested at 1.9-m height and also not subjected to prior wilting. Both grasses were harvested using the same pull-type forage harvester utilized for corn, chopped to approximately 2.5 cm of length and also stored in stack-horizontal silos, with no inoculants. The density of BGS and EGS was 460 kg DM/m 3 and 420 kg/m 3 , respectively. All silages were stored in different silos for approximately 260 d before silo opening. The size of silos was 5.0, 4.0, and 1.5 m (bottom width, top width, and height, respectively), with 8 m of length. Tifton 85 was harvested using a mower-conditioner (model 630, John Deere Brasil) at approximately 80 d of age because weather conditions delayed the harvest. However, no rain occurred during haying. After mowing, the material was left in the field to dry for 3 d or until reaching approximately 85% DM. After drying, the material was square baled (dimensions = 50 × 45 × 25 cm) using a small square baler (model 338, John Deere Brasil) and stored in a covered barn until feeding. Sugarcane was harvested at approximately 400 to 430 d of age, before the ordinary sugarcane harvesting season (between early May and November in Brazil; Andrade et al., 2010) because the experiment started in January. Sugarcane was hand harvested daily in the morning, directly chopped to approximately 2.5 cm utilizing a stationary forage chopper (model JF40, JF Máquinas Agrícolas Ltda.), and provided to animals immediately after chopping.
Diets were formulated to have approximately 11% CP (DM basis) using a mixture of urea and ammonium sulfate (9:1 ratio) that was diluted in water and then mixed with roughage ( Table 2 ). The reason for increasing CP levels to 11% was to prevent the nitrogen restriction from undermining the activity of rumen microorganisms. Feeding was performed in the morning at 0700 h, with free-choice access to diets. In addition, bulls had free-choice access to a salt-based mineral supplement (Fosbovi 40 TQ; Tortuga Cia. Zootécnica Agrária, São Paulo, SP, Brazil; 12.0%, 1.2%, 50.0%, and 8.7% of Ca, S, NaCl, and P, respectively, and 100, 1, 250, 1, 795, 90, 2, 000, 15, 5, 270 , and 1,740 mg/kg of Co, Cu, Fe, I, Mn, Se, Zn, and F, respectively). Feed offered and orts were sampled 2 times during the data collection period (d 11 to 19), identified and packed in plastic bags, and stored at −20°C for further analysis. During the collection period, offer and orts amounts were recorded to calculate intake.
On d 11, 12, and 13 of each experimental period, total feces was collected to calculate digestibility coefficient of feedstuffs. Before feeding, feces from the previous day were collected, weighed, homogenized, and sampled. In addition, pH of the rumen fluid was determined using a wireless pH meter (Kahne Bolus Series-KB1000; Kahne Animal Health Ltd., Auckland, New Zealand) inserted into the rumen that was set up to measure pH in 5-min intervals during the 3 consecutive days.
For determination of omasal DM outflow, 2 indicators were utilized: Co-EDTA (Udén et al., 1980) as the fluid phase and small particles indicator and iNDF as the solid-phase indicator. The Co-EDTA was wrapped in paper cartridges, and a total of 6 g was provided daily, administered 4 times in 6-h intervals (0600, 1200, 1800, and 0000 h). Administration of Co-EDTA started 3 d before the omasal digesta collection, performed on d 14, 15, and 16. Omasal digesta was collected twice a day, in 12-h intervals within a day and in 16-h intervals between Table 1 . Nutrient composition of feedstuffs (mean) utilized in the experimental diets (n = 10) days to avoid possible variation in the flux of the digesta relating to collection time. Samples were collected at 0600 and 1800 h on d 14, at 1000 and 2200 h on d 15, and at 1400 and 0200 h of next day on d 13, totaling 6 collections per experimental period. For collection, a Büchner flask attached to a vacuum pump was used according to an adaptation of the Huhtanen et al. (1997) method. Briefly, collection of omasal digesta was realized by inserting a collection tube into the rumen, through the fistula, conducting until it reached the reticumum-omasal orifice. The tube was held by a technician, with 1 end in the orifice and the other 1 attached to the Büchner flask.
The vacuum pump was turned on, and approximately 1 L of digesta per animal was collected. Samples were frozen at −20°C for further analysis.
On d 17, a complete emptying of the rumen was performed approximately 4 h after feeding to determine the passage and apparent digestibility coefficient of each experimental diet, according to methods described by Allen and Linton (2007) . After emptying, total digesta was weighed and then filtered through 4 layers of gauze to separate the solid and fluid phases, which were weighed and sampled for further analysis. After sampling, the digesta was put back into respective rumens. On d 19, rumen emptying was also performed 1 h before feeding, theoretically the time the rumen is at its least volume. In addition, samples were collected for bacteria isolation to determine microbial efficiency, which was calculated as grams of bacteria per kilogram of TDN.
Laboratory Procedures and Analyses
At the end of each experimental period, omasal digesta samples were thawed and filtered in a 100-µm nylon precision woven screen with pore area surface of 44% (model Nitex 100/44; Sefar AG, Heiden, Switzerland), producing 2 phases: that retained in the filter (large-particle, solid phase) and the filtrate (fluid and small-particle phase).
Feed and orts and omasal and ruminal digesta samples were dried in a forced-air oven at 60°C for 72 h and then ground in a Wiley mill (Thomas Model 4 Wiley Mill; Thomas Scientific, Swedesboro, NJ) to pass through a 2-mm stainless-steel curved round-hole sieve for iNDF determination. The iNDF was determined using Ankon filter bags (model F57; Ankon Technology, Macedon, NY) and was incubated in situ for 288 h. A 1-mm sieve was then utilized for the remaining analyses. For fecal samples, approximately 250 g were placed in aluminum dishes and dried in a forced-air oven at 60°C for 72 h and then ground in a Wiley mill to pass through a 1-mm sieve. The ground fecal sample was stored for further analysis.
The composited offer and orts of each animal, feces, and omasal digesta samples were utilized to determine DM (method 934.01; AOAC, 1990); OM determined by ash (method 924.05; AOAC, 1990) ; CP obtained by multiplying total nitrogen, determined using the microKjeldahl technique (method 920.87; AOAC, 1990) , by a fixed conversion factor (6.25); ADF (method 973.18; AOAC, 1990); NDF (Van Soest et al., 1991) ; and ether extract (EE), determined gravimetrically after extraction using petroleum ether in a Soxhlet apparatus (method 920.85; AOAC, 1990) . Ash and protein-free NDF (ap-NDF) was determined by correcting ash and protein from NDF. For that, after obtaining NDF, the remaining material was subjected to the procedures to determine ash and CP mentioned above. The apNDF value was obtained by subtracting the ash and CP values from NDF. For ruminal digesta, solid-and fluid-phase samples of the 2 rumen-emptying moments (4 h after and 1 h before feeding) were combined into a composite sample to calculate the ruminal pool of DM and subsequently to estimate kd and passage rate (kp) of nutrients. In addition, NDF and apNDF were measured. Lignin was determined only in roughage samples. Cobalt content was analyzed using an 1 Five roughage sources were provided to rumen-fistulated bulls. Diets were formulated to have approximately 11% CP (DM basis) using a mixture of urea and ammonium sulfate (9:1 ratio).
2 Ash-and protein-free NDF.
3 Indigestible NDF.
4 Amount of a mixture of urea and ammonium sulfate (9:1 ratio) blended to the roughage source.
atomic absorption spectrophotometer (model AA-7000; Shimadzu Corp., Kyoto, Japan).
Bacterial isolation was performed according to procedures described by Cecava et al. (1990) . Briefly, during ruminal emptying on d 19, 1.5 L of fluid were harvested from straining the ruminal contents into 4 layers of gauze; afterward, a second portion of whole contents was blended with 0.5 L of saline solution (9 g/L), and blended contents were strained through 4 layers of gauze. The 2 filtrates were combined, and the final volume (2 L) was centrifuged for bacteria isolation. Omasum purine bases were used to calculate the production of microbial protein. Microbial nitrogen outflow was calculated by dividing the flow of omasum purine bases by the ratio of purine nitrogen to total nitrogen from rumen-isolated bacteria (Cecava et al., 1990) .
Digestibility and Nutrient Composition Measurements
Digesta outflow was estimated by using the doubleindicator system as described by France and Siddons (1986) . For double-indicator system calculation, concentrations of indicators in different stages of the digesta were used to calculate the reconstitution factor (RF), which indicates the units of the digesta phase that must be removed (negative RF) or added (positive RF) to nonrepresentative digesta to reconstitute the real digesta, as described by Rotta et al. (2014) . Intake rate (ki) was calculated by dividing the DMI, or parameters, by its respective ruminal pool size. Passage rate was obtained by dividing omasal DM or nutrient outflow by the ruminal pool size. Digestion rate was calculated as ki − kp.
Dry matter, OM, CP, and EE apparent digestibility coefficients were determined by the difference between intake and the content in feces divided by intake. Nonfibrous carbohydrates (NFC) were calculated as proposed by Detmann and Valadares Filho (2010) : NFC = 100 ([%CP − %CP from urea + % urea] + apNDF + %EE + % ash).
Statistical Analyses
Data regarding intake, ruminal nutrient pool, digestibility, ki, kp, kd, and microbial efficiency were analyzed using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC; version 9.1). The model statement contained the fixed effects of treatment, whereas animal and period were the random variables. Means were compared using the Tukey-Studentized test, and significance was set at P ≤ 0.05. Data regarding pH were also analyzed using the MIXED procedure of SAS. Treatment, time, and their interaction were considered as fixed effects. A repeated measurements over time scheme was utilized, with collection times (average of every 30 min) repeated within each experimental unit (animal × period). Alternatively, another model was proposed to evaluate the effect of the 3 d of collection, with treatment, day of measurement, and their interaction considered as fixed effects. In this case, day of measurement (1, 2, or 3) was a-c Means within a row with different superscripts differ (P < 0.05).
1 Five roughage sources were provided to rumen-fistulated bulls. Diets were formulated to have approximately 11% CP (DM basis) using a mixture of urea and ammonium sulfate (9:1 ratio).
repeated within each experimental unit (animal × period). After assessment of the main effects of treatments and time on ruminal pH, linear, quadratic, and cubic effects of the response variables were evaluated using the GLM procedure of SAS, according to the model, Y = T + T 2 + T 3 + ε ij , where Y= response variable, T = continuous variable related to the time of measurement, and ε ij = unobservable random error. After determining the response variable behavior as a function of time, the respective linear, quadratic, and cubic models were obtained using the REG procedure of SAS.
RESULTS

Intake Data
Intake data are depicted in Table 3 . Dry matter intake (kg/d) was greater (P < 0.01) for CS compared with SC, whereas BGS, EGS, and T85 did not differ (P > 0.05) among treatments. Similarly, OM intake was greater (P < 0.01) for CS compared with SC and EGS, but BGS and T85 did not differ (P > 0.05) from other treatments. Greater (P < 0.01) CP intake was observed for CS, BGS, and EGS compared with SC and did not differ (P > 0.05) among T85, EGS, and BGS. Potentially digestible NDF intake was greater (P < 0.01) for BGS, EGS, and T85 compared with SC, and CS had intermediate values. Greater (P = 0.01) apNDF intake was observed in CS, BGS, EGS and T85 compared with SC, and digestible apNDF intake was lesser (P = 0.01) for SC compared with other treatments. Indigestible NDF intake did not differ (P = 0.13) among treatments. Nonfibrous carbohydrates intake was greater (P < 0.01) for CS compared with other treatments, and lesser values were observed for BGS, EGS and T85 compared with SC. Among treatments, CS had the greatest (P < 0.01) EE intake; intermediate values were observed for BGS, and least values were observed for SC, EGS, and T85. Similarly, TDN intake was greater (P = 0.02) for CS compared with other treatments. Greater (P < 0.01) DMI, expressed as grams per kilogram of BW, was observed for CS and BGS compared with SC, and among CS, BGS, EGS and T85 it did not differ (P > 0.05). The apNDF intake, expressed as grams per kilogram of BW, was greater (P = 0.01) for BGS, EGS and T85 compared with SC, which did not differ (P > 0.05) from CS. The T85 treatment had the greatest (P < 0.01) iNDF intake, expressed as grams per kilogram of BW.
Ruminal Parameters
Ruminal outflow data are depicted in Table 4 . Dry matter outflow was less (P < 0.01) for SC. Greater (P < 0.01) OM and CP outflow values were observed for CS and BGS compared with SC, which did not differ (P > 0.05) from EGS and T85. Among treatments, apNDF outflow did not differ (P > 0.05), although it tended (P = 0.09) to be lower for SC. Greater (P < 0.01) NFC outflow values were observed for CS, whereas SC had lower values, and BGS, EGS, and T85 were intermediate. Ether extract outflow was greater (P < 0.01) for BGS and did not differ (P > 0.05) among CS, SC, EGS, and T85.
Total apparent digestibility as well as ruminal and intestinal digestibility data are depicted in Table 5 . No difference (P > 0.20) was observed for DM, OM, CP, and NFC apparent digestibility coefficients. The ap-NDF digestibility was greater (P < 0.01) for BGS, EGS, and T85 compared with SC. A greater (P < 0.01) EE apparent digestibility value was observed for CS compared with BGS and T85. The TDN digestibility was greatest (P = 0.05) for CS. The DM and OM ruminal digestibility coefficients did not differ (P > 0.27) among treatments. The EGS and CS treatments had the greatest (P = 0.01) CP ruminal digestibility coefficients among treatments, SC had the least value, and BGS and T85 had intermediate values. Greater (P < 0.01) apNDF ruminal digestibility values were observed for BGS, EGS and T85 compared with SC, which did not differ (P > 0.05) from CS. The ruminal digestibility coefficient of EE was greater (P = 0.01) for CS compared with BGS and T85. No difference (P > 0.76) was observed for CP and EE intestinal digestibility. Ruminal pool, ki, kp, and kd of DM, potentially digestible NDF, apNDF, and iNDF are described in Table 6 . Ruminal pool of DM, potentially digestible NDF, and apNDF did not differ (P > 0.10) among treatments. However, iNDF pool was greater (P < 0.02) for T85 compared with BGS and SC, with CS and EGS being intermediate. Dry matter ki was greater (P < 0.05) for CS among treatments, and T85 had lesser (P = 0.02) value compared with BGS but did not differ (P > 0.11) from EGS and SC. Dry matter kp was greater (P < 0.01) for CS and BGS compared with other treatments, whereas kd was greater (P < 0.01) for CS compared with other treatments. Potentially digestible NDF ki and kd were lesser (P < 0.01) for SC compared with other treatments, but kp did not differ (P > 0.07) among treatments. Similarly, apNDF ki and kd were lesser (P < 0.01) for SC compared with other treatments, but kp did not differ (P > 0.08) among treatments. For iNDF, lesser (P < 0.01) ki values were observed in EGS, T85, and SC compared with BGS, with CS having intermediate value.
Microbial and pH Data
No treatment effect (P > 0.28) was observed for DM and nitrogen of rumen-isolated bacteria (Table 7) .
Greater (P = 0.04) OM values were found for BGS, CS, and T85 compared with SC. Among treatments, the ratio of microbial RNA-N to total nitrogen was lesser (P = 0.01) for BGS. Omasal outflow of microbial CP was greater (P < 0.01) for CS and BGS. Similarly, total CP omasal outflow was greater (P < 0.01) for CS compared with SC, EGS, and T85. However, values found for EGS, T85, and BGS did not differ (P > 0.05). Microbial CP:total CP ratio was greater (P = 0.02) for BGS compared with T85 and SC, and microbial efficiency was the greatest (P = 0.02) for BGS among treatments.
There was no collection day effect (P = 0.11) on pH measurements. Therefore, collection days were combined to evaluate time and treatment effects. A treatment × time interaction (P < 0.01) was found for ruminal pH. The pH values of the ruminal fluid had a quadratic pattern in terms of time (T) for CS, BGS, EGS, and T85, with maximum values of 6.72, 7.10, 7.06, and 6.92, estimated at 9.5, 11.0, 11.1, and 12.0 h after feeding, respectively, whereas for SC, a decreasing linear pattern in terms of T was observed (Table 8 and Fig. 1) .
DISCUSSION
Research has shown that SC intake is limited primarily because NDF kp is reduced, limiting intake by the repletion effect (Magalhães et al., 2006) . Although not statistically different from BGS, EGS, and T85, a reduction of DMI in SC was observed compared with CS because of accumulation of indegradable fiber in the rumen. According to Preston (1982) , the effect of decreased intake can be related to low fiber digestibility or low kd in the rumen. These assumptions are confirmed because SC ruminal digestibility of apNDF, and apNDF and potentially degradable NDF values were the numerically lowest among treatments. Nutritionally, a decrease in DMI is related to greater retention time of feed in the rumen. Thus, less utilization of SC is related to greater concentration of lignin and its interaction with structural carbohydrates (cellulose and hemicellulose), preventing the action of microorganisms in the rumen (Sobreira, 2006) . Greater CP intake was observed for CS, and less intake was observed for SC. Although diets were formulated to have approximately 11% CP, the lesser DMI led to the lesser CP intake. Ether extract intake apparently was also determined by DMI, probably because of the small quantities found in these tropical roughages.
The SC treatment had lesser apNDF intake and digestible apNDF as a direct result of cell wall lignification, i.e., greater content of iNDF. According to Lazzarini et al. (2009) , the minimum CP value of 11% (used in this experiment) is required in the diet to maximize the digestion of low-quality forages. However, this assumption may be not applicable for sugarcane. For other roughages similar apNDF intake was observed, so providing 11% CP maximized the digestibility of apNDF. Sugarcane also resulted in less DM ruminal outflow, corroborating those results. The SC treatment had decreased DMI, and the greater levels of iNDF in the diet probably contributed to the reduced kp and hence the digesta outflow (Queiroz et al., 2011) . Moreover, we noted that bulls fed sugarcane, even with less total DMI, did not differ in iNDF intake, contributing to the lesser potentially digestible NDF intake and thus to the effect of rumen repletion.
Nonfibrous carbohydrates intake was greater for CS probably because of greater DMI and its greater NFC content. Intermediate values were observed for SC probably because of its great content of sucrose, which substantially increases NFC content. The lesser NFC intake observed for BGS, EGS, and T85 was reflective of their decreased NFC content.
Different results were reported by Cabral et al. (2006) for DM, OM, CP, and NFC apparent digestibility Table 6 . Ruminal pool, and intake, passage and digestion rates of DM, potentially digestible NDF, ash-and protein-free NDF, and indigestible NDF of bulls fed corn and grass silages, hay, and sugarcane based diets produced in a tropical environment a-c Means within a row with different superscripts differ (P < 0.05).
2 Intake rate.
3 Passage rate.
4 Digestion rate.
5 Ash-and protein-free NDF.
coefficients among evaluated roughages. These authors, evaluating diets based on corn silage, Tifton 85 hay, and elephant grass silage in conditions similar to those of the current study, reported that corn silage-based diets had greater DM, OM, and NFC apparent digestibility compared with other roughages. In the current study, however, CS had similar apparent digestibilities for DM, OM, and NFC. Digestibility of apNDF for BGS, EGS, and T85 was greater compared with that of SC; possibly, the CP adjustment to 11% using urea was sufficient to enhance the apNDF digestibility, as recommended by Lazzarini et al. (2009) for low-quality forages. According to Menezes et al. (2011) , the greater iNDF content found in sugarcane-based diets can also limit the total degradation of apNDF, decreasing its digestibility. Tropical forages have an accelerated process of morphological differentiation, characterized by increased sustention tissue present in the stem fraction and a reduction of tissues related to the leaf fraction as they reach maturity and consequently increase in fiber content (Nelson and Moser, 1994) . Although the leaf:steam ratio was not evaluated in the present study, the reduction may be the cause of increased iNDF levels and decreased true CP, causing less degradation and slow disappearance of the digesta in the rumen. This explains the lower values found for apNDF ruminal digestibility in SC. Other roughages had satisfactory levels, probably because they had adequate levels of nitrogenous compounds and true CP to maximize microbial efficiency and degradation of cell wall. According to Sampaio et al. (2009) , iNDF affects the nutritional value of feed, mainly because of the great rumen repletion effect. According to Forbes (1995) , the increase in feed kp promotes intake improvement, as encountered for CS in the current study. However, digestibility may be reduced because of the reduced time in the digestive tract. The flow of digesta through the gastrointestinal tract is determined by the rate of ruminal passage, which, for tropical forages, has decreased values, mainly because of the great content of low-degradability fiber, increasing the rumen repletion effect (Fernandes et al., 2003) .
Bacterial nitrogen content values were within the range stipulated by Van Soest (1994) , which was between 5.0% and 12.4%. Microbial efficiency was greater for BGS, which was superior to the value proposed in NRC (2000). This greater microbial efficiency appears to be due to less nitrogen in the RNA:total nitrogen ratio found for this treatment. On the other hand, the less microbial efficiency of CS may be related to greater TDN intake.
The pH values found in all treatments are within limits established for not compromising fiber digestion in the rumen. It can affect microbial growth, primarily fibrolytic microbes, leading to a significant reduction in fiber digestion when pH reaches values below 6.2 (Grant and Mertens, 1992) . We observed that the initial pH value was numerically lower for CS. However, this value was within the expected range for optimal ruminal fermentation. According to Coelho da Silva and Leão (1979) , the pH seems to be an important factor in the proteolytic activity of the rumen, and the optimal range varies between 6.0 and 7.0, with maximum activity around 6.5. According to Van Soest (1994) , fermentation of starch and sugars promotes a decrease in ruminal pH because of the greater yield of VFA and mainly because of increased production of propionate via lactic acid, which can be accumulated in the rumen, thereby reducing fiber digestion. In the present study, CS-based diets had a high level of NFC, leading to a Five roughage sources were provided to rumen-fistulated bulls. Diets were formulated to have approximately 11% CP (DM basis) using a mixture of urea and ammonium sulfate (9:1 ratio).
2 Parameters generated from regression equations after a test to verify the effect of treatment (P < 0.01), time (P < 0.01), and treatment × time (P < 0.01) using period and bull as random effects in the model; T = time.
3 Expected response in hours after the morning feeding. Figure 1 . Relationship between time and ruminal pH measured every 5 min for 24 h in bulls fed corn and grass silages, hay, and sugarcane based diets produced in a tropical environment. numerically decreased pH value over time for CS compared with other silages and hay. Sugarcane-based diets promoted a decrease in pH after intake. The amount of soluble carbohydrates seems to contribute to this reduction because it increases the level of rapid-fermentation substrates, contributing to rapid production of VFA. A moderate reduction in ruminal pH to approximately 6.0 results in slight decreases in fiber digestion, but the number of fibrolytic organisms is not usually affected (Hoover, 1986) . In the present study, pH values dropped to approximately 6.5; thus, we can infer that the fibrolytic microorganisms were not affected.
In summary, these roughages produced in tropical environments, when supplemented with an additional nitrogen source, had similar overall apparent digestibility and ruminal pool values, but conversely, bulls fed sugarcane had less overall nutrient intake and ruminal outflow and lower digestion rate values. We conclude that freshcut sugarcane, when provided with urea, can affect digestion rate and, consequently, can impair nutrient intake.
LITERATURE CITED
